Objective: To outline the epidemiology of paediatric out-of-hospital cardiac arrest (OHCA) cases presented to a regional hospital. Design: Retrospective case series. Methods: Attendance records of critical cases aged from 0 to 17 years old from year 2001 to 2014 attending Emergency Department (ED) of Yan Chai Hospital were searched. Demographic data and predictive parameters were analysed for association with outcome. Results: There were 40 cases of paediatric OHCA throughout the study period. A total of 21 (52.5%) had witnessed arrest; 27 (67.5%) had cardiac arrest at home. Twenty-eight (70%) of the cardiac arrest were first noted by family members; 8 (20%) received bystander cardiopulmonary resuscitation (CPR). Only 13 (32.5%) cases had return of spontaneous circulation (ROSC) in the ED and were admitted. Seven patients (17.5%) survived to hospital discharge. Conclusion: Paediatric OHCA, although a rare occurrence, has a high mortality of 82.5% in our series. Majority of the cases occur at home, and are witnessed. Family members are often the first persons to detect the arrest. Yet the rate of providing bystander CPR is low in Hong Kong. (Hong Kong j.emerg.med. 2016;23:350-357) 
Introduction
Paediatric out-of-hospital cardiac arrest is an uncommon event worldwide. It carries a high mortality of up to 95%. [1] [2] [3] Locally paediatric out-of-hospital cardiac arrest accounted for 3.6% out of 277 critically ill children throughout year 1998 to 2006 in a regional emergency department (ED). 4 Study in Shanghai showed the first three aetiologies were accident, chronic diseases and acute infection. 5 Yet long term outcome for survivors was generally good in terms of neurological function in developed nations like Australia and the US. 6, 7 Elder age, witnessed arrest, shockable cardiac rhythm and favourable paediatric cerebral performance score were found to be associated with good neurological outcome in the US. 7 Study in Japan also found bystander rescue breathing was the most significant factor contributing to favourable outcome. 1 Public accessible automatic external defibrillator programme in high schools in the US was found to demonstrate a high survival rate for students and adults who suffer sudden cardiac arrest on school campus. 3 A central registry of out-of-hospital cardiac arrest is not available in Hong Kong. The Statistics Department of the Hong Kong SAR Government releases mortality rates of infants, but focused on cause of death rather than the resuscitative aspects. 8 Locally, there is a case report of successful resuscitation of an adolescent with commotio cordis with automatic external defibrillator. 9 We aimed to outline the epidemiology of paediatric (age 0 to 17 years old) out-of-hospital cardiac arrest cases presented to a regional hospital from year 2001 to 2014.
Method
Attendance to ED of Yan Chai Hospital with triage category one and patients who aged 0 to 17 years old from the period 1 January 2001 to 31 July 2014 were identified by the Clinical Data Analysis and Reporting System of Hospital Authority, Hong Kong. Chart review of the results was done to look for the cardiac arrest cases. Demographics and the predictive parameters were analysed to look for association with outcome. Outcome was defined as return of spontaneous circulation (ROSC) and survival to discharge. ROSC is defined as all cardiac rhythms as the restoration of a spontaneous perfusing rhythm that results in more than an occasional gasp, fleeting palpated pulse, or arterial waveform. 10 
Results
A total of 859 cases were yielded upon search of the critical cases ('Triage Category 1') aged 0 to 17 years old during the period 1 January 2001 to 31 July 2014. Among all these attendances, 40 (4.7%) were out-ofhospital cardiac arrest cases. None of these cases presented to the study hospital more than once with cardiac arrest during the study period. Thirteen cases (32.5%) had ROSC in the ED and 7 cases (17.5%) survived to hospital discharge.
Patients were stratified into 5 age groups: 0 to 1 month old; 1 month to 1 year old; 1 to 5 years old; 5 to 11 years old; and 11 to 17 years old. Presenting body temperature, blood glucose as measured by haemoglucostix, and oxygen saturation as measured by pulse oximetry (SpO 2 ) upon arrival to the ED were also tabulated (Table 1) . Outcomes in terms of ROSC and survival to discharge in relationship to demographic data were shown in Table 2 and Table 3 respectively. Among the arrest cases, 24 (60%) were male. Median age of arrest was 6.2 years old (IQR 12.6 years). The most common age group of cardiac arrest in this case series was 11 to 17 years old, which contributed 14 cases (35%). Twenty (N=40; 50%) cases suffered from underlying premorbid conditions sourced from previous medical records or from informants on attendance to the ED. Premorbid conditions as identified in the cases included prematurity, cardiovascular diseases, respiratory diseases, metabolic diseases, neurological disorders, neoplastic diseases. Premorbid conditions contributed 40-60% of cases across all age groups. Twenty-one (N=40; 52.5%) had a witnessed arrest. Twenty-seven (N=40; 67.5%) had cardiac arrest at home. The 2 arrest cases occurring outside home for the age 0-1 month group were 2 babies who were born in elevator or public toilet and found to have cardiac arrest on arrival to ED. Twenty-eight (N=40; 70%) of the cardiac arrest were first noted by family members. Six (15%) cardiac arrest cases were firstly detected by trained personnel including healthcare providers, lifeguards and police in this case series. Higher incident of involvement of parties other than family was observed in higher age groups in this series. Oxygen saturation (%) n/a * n/a * n/a * n/a * n/a * n/a * 92. Presumed causes of cardiac arrest in this study were identified by history, physical examination, and investigations in the ED or workup during subsequent hospital admission if patients managed to be admitted. The commonest cause was respiratory (30%) but more than 35% cases had unknown cause. Environmental cause including trauma and drowning became an important cause in elder age groups cases; and it accounted for 42.9% cases in age group of 11 to 17 years old. Only eight (N=40; 20%) received bystander cardiopulmonary resuscitation (CPR). Family members and life guards were the commonest providers of bystander CPR (3 cases each, 7.5%); attendant in physiotherapy clinic and swimming instructor each provided one case of bystander CPR. Median time interval from cardiac arrest recognition to ambulance arrival to patient's side was 9 minutes (IQR 13 minutes). Median time interval from ambulance arrival to ED arrival was 16 minutes (IQR 5 minutes). Median time interval from arrest recognition to ED arrival was 25 minutes (IQR 21 minutes). None of the cases received defibrillation with automatic external defibrillator (AED) on scene, on ambulance, or in the ED. Asystole was the commonest documented cardiac rhythm on arrival to the ED (70.8%). Five of the total 7 survival to discharge cases had ROSC prior to arrival at the ED.
Fisher's exact test showed significant difference for witnessed arrest (p=0.046), location of arrest (p=0.011), and presence of bystander CPR (p=0.001) on ROSC. Presenting cardiac rhythm to ED (p<0.001) was found to have statistical difference for cases with ROSC by chi-square test. Mann-Whitney U test showed significant difference for time interval from ambulance arrival to ED arrival (p=0.048) on ROSC.
For survival to discharge, Fisher's exact test showed significant difference for location of arrest (p=0.003) and presence of bystander CPR (p=0.02) on ROSC. Presenting cardiac rhythm to the ED (p<0.001) and presumed cause of arrest (p=0.01) were found to be statistically different by chi-square test. Mann-Whitney U test of the continuous variables did not show any difference.
Discussion
Cardiac arrest in the paediatric age group is a rare occurrence worldwide. Incidence of pediatric OHCA varies from 0.23 to 19.7 per 100,000 person-years.
11-15 A local central out-of-hospital cardiac arrest registry is lacking, and local epidemiological data is scarce. From our study, OHCA accounted for 4.7% of critical attendances in the paediatric age group, which was similar to a previous local study on epidemiology of critical presentation of children to ED. 4 About 60% of the arrest cases were male, the mean age of cases was 7 years old, with half of the cases suffered from premorbid conditions. Male predilection was also seen in other studies, 13, 15, 16 however its prevalence was unexplained. A hypothesis is that male may be more prone to trauma since they are more active. Yet this needs to be verified by a large scale population study.
Half of the cardiac arrest cases in this study suffered from premorbid conditions including prematurity, asthma, congenital heart disease and neurological disorders. In the literature, sudden unexplained cardiac death accounted for 2.1% of all autopsies, and hypoplastic left heart syndrome, dilated cardiomyopathy, and myocarditis were the three commonest diagnoses, which presented at increasing ages. 17 Majority of cases in this study had cardiac arrest at home (52.5%) and was witnessed (67.5%). Arrest outside home became more common in elder children likely due to more participation in activities outside home. Witnessed arrest varied in literature from 34% to 90%, 16, 18 Home was also the commonest site of cardiac arrest in the literature. 13, 15, 19 Our result was comparable to the literature.
The cause of cardiac arrest in this study was largely unknown (35%). Trauma and drowning accounted for five each (N=40; 12.5% each) of all cases. Together they added up to a quarter of cardiac arrest in children. Environmental safety is crucial in reducing traumatic or drowning arrest for active children and adolescents.
The rate of bystander CPR in this study was only 20%. Of all the 21 witnessed arrest cases, only 6 of them (28.6%) received bystander CPR. The rate of bystander CPR in this study was lower from overseas experience, which ranges from 30% to 74%. 11, 16, 18, 19 None of the cases in this study required defibrillation by the ambulance or in the ED, and none of them had documented shockable rhythm in the ED. In the literature, ventricular fibrillation accounted for 7.4% to 9% of paediatric OHCA. 14, 16 Asystole was reported to be the most prevalent presenting rhythm (67%) in the paediatric OHCA cases. 16 In US, when compared to adults, younger children of 1 to 8 years old were less likely to be found in a shockable rhythm (young children 11.6%; adults 23.7%); and were less likely to have an automatic external defibrillator used (young children 16.3%; adults 28.3%). Older children of 9 to 17 years old had a similar prevalence of shockable rhythms as adults (31.8%) and automatic external defibrillator use (20.5%). 20 When focusing on OHCA of cardiac origin, a study in Japan reported that 86% of the cases presented with ventricular fibrillation as the initial rhythm. 18 None of the cases in this study had documented the use of public automatic external defibrillator. Along with the low bystander CPR rate and the time lapse for ambulance arrival, it is possible that a number of cases which initially presented with shockable rhythms deteriorated into asystole upon ambulance arrival, though it is known that shockable rhythm is not prevalent.
The survival to admission and survival to discharge rate was low (32.5% and 17.5% respectively) in this study. Of the survivors to discharge, 5 out of 7 of them already had sinus rhythm and were alert upon hospital attendance. In the literature, survival to discharge rate ranges from 4.9% to 8.6%. 7, 11, 14, 16 Even after excluding all these 5 cases, the survival rate in our series was still comparable to the literature.
For prognostication of OHCA, multiple studies have been conducted for adults. A local prospective study showed younger age, shorter total down time, recipient of pre-hospital defibrillation and post-cardiac arrest intensive care were associated with better outcome in terms of survival to discharge. 21 Study in the UK showed witnessed arrest and bystander CPR was associated with better outcome. 22 Similar results were also yielded from studies conducted in Australia 23 and Canada. 24 For paediatric OHCA, literature showed that respiratory or submersion aetiology, older age, witnessed arrest, presence of bystander CPR, defibrillation by automatic external defibrillator, presenting rhythm other than asystole, endotracheal tube intubation, and less adrenaline required were associated with better outcome. 7, 15, 16, 18, 19, 25, 26 In this study, evaluation of potential prognostic indicators was not possible due to small number of cases. The importance of bystander CPR was reflected in the literature, yet the rate of bystander CPR is low (20%), which is very disappointing in an affluent city like Hong Kong. Cardiac arrest outside home seemed to be favourable in ROSC probably due to the presence of trained personnel providing resuscitation, for example, teachers, lifeguards, and police. The rate of bystander CPR for arrest occurred at home was only 11.1%. This is alarming that education should be provided to emphasize on early recognition and provision of bystander CPR.
Limitations
This was a retrospective study. As there is no central registry in the city or even in the hospital, case finding was by manual. Case number was limited due to the rare occurrence. Completeness of clinical data was also a concern. First documented cardiac rhythm by the automatic external defibrillator on the ambulance was most of the time not available. Causes of cardiac arrest were only able to be deducted based on clinical history and findings as the autopsy results were not available. The missing clinical details excluded analysis on whether resuscitation effort affected outcome of the patient. Missing clinical data also excluded evaluation of prognostic indicators for ROSC and survival to discharge.
Conclusion
Paediatric OHCA, although a rare occurrence, has high mortality of 82.5% in our study. Majority of cases occurred at home, and are witnessed. Family members are often the first persons to detect the arrest. Yet the rate of providing bystander CPR is low. Education emphasizing on bystander CPR to parents may help to improve the outcomes.
